The experiment was conducted to study the effects of organic selenium (Se-enriched yeast) and vitamin E (α-tocopheryl acetate) supplementation, alone or together, on the performance and antioxidant status of broilers fed diets enriched in n-3 PUFAs using fish oil. Day-old Hubbard-JV strain broiler chicks allocated to one of the following treatments: (1) a commercial basal diet containing 0.15 mg inorganic Se /kg as sodium selenite and 50 mg α-tocopheryl acetate (α-TA)/kg feed acted as the control; (2) VE200: Control diet supplemented with 200 mg α-TA/kg feed; (3) OrgSe0.15: Control with inorganic Se replaced with 0.15 mg organic Se/kg; (4) OrgSe0.30: Control with inorganic Se replaced with 0.30 mg organic Se/kg feed; (5) VE200+OrgSe0.15, (6) VE200+OrgSe0.30. Body weight (BW) and body weight gain (BWG) to 42 d were significantly improved with vitamin E or organic Se at 0.30 mg/kg (but not at 0.15 mg/kg) when supplemented individually, but not in combination, except that VE200+OrgSe0.15 improved 28 and 35-d body weights significantly compared with the control. Feed intake (FI), feed conversion ratio (FCR), mortality, carcass characteristics and relative organ weights, except for the spleen, were unaffected by any of the supplementation treatments. The significant positive effect of VE200 on BWG was observed after 21 d. Relative spleen weight was significantly higher in broilers fed VE200 compared to the other treatments. The antioxidative effects of organic Se and vitamin E, alone or together, were not evident in diets enriched in n-3 PUFAs using 1.5% fish oil.
Introduction
The production of reactive free radicals (ROS) as by-products of metabolism that have the potential to damage or destroy cellular structures is in a dynamic equilibrium under normal conditions in living organisms. This dynamic equilibrium is provided by a balance between antioxidants and pro-oxidants (Koinarski et al., 2005) . However, stress factors such as nutritional (low digestible feed, feeds rich in polyunsaturated fatty acids (PUFAs), mycotoxins and oxidized oil, vitamin E and selenium (Se) deficiency, vitamin A excess, the presence of heavy metals and other toxicants), environmental (high or low ambient temperatures, transportation) and pathogenesis of numerous diseases including parasitic infections, have a negative impact on this antioxidant/pro-oxidant balance (Surai, 2002b; Koinarski et al., 2005) . The imbalance between an antioxidant and pro-oxidant system is named oxidative stress. In commercial poultry production, oxidative stress has been associated with the deterioration of many physiological functions including health, growth, reproduction and immunity. Intracellular defence mechanisms against ROSinduced damage may be classified as non-enzymatic (ascorbate, α-tocopheryl, carotenoids and glutathione) or enzymatic antioxidants, such as superoxide dismutase (SOD), catalase and glutathione peroxidases (GSHPx) (Surai, 2002a; b) .
In recent years health conscious consumers have stepped up their demands for specific foods or physiologically active food components; these being the so-called functional or designer foods. Meat or eggs enriched with N-3 PUFA's [eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA)] have the potential to be regarded as credible functional foods, because of considerable evidence of their health benefits, such as reducing coronary artery diseases, hypertension, diabetes, as well as certain inflammatory diseases such as arthritis and dermatitis (Simopoulos, 2000) . Numerous studies have focused on the birds/m 2 and a fluorescent lighting schedule of 23 h light and 1 h dark was used during the experiment with an average light intensity of 20 lux. Birds were given one of six feeds in mash form. The ingredients and calculated nutritional composition of commercial basal feeds are given in Table 1 . The feeds were formulated to meet or exceed minimum National Research Council recommendations (NRC, 1994) for all nutrients. The starter diet (0 to 21 d) contained 220 g crude protein and 12.6 MJ/ metabolisable energy (ME)/kg and the finisher (22 to 42 d), 198 g crude protein and 13.0 MJ ME/kg.
These basal feeds, used as the control, were supplemented with a vitamin premix containing 50 mg α-TA/kg feed and a mineral premix containing 0.15 mg inorganic Se (sodium selenite)/kg feed. Organic Se, as Se-enriched yeast (Sel-Plex®), was provided by Alltech Inc. Company, Turkey. The organic Se (Se-yeast) contained 1 000 mg Se/kg and it was added at either 0.15 or 0.3 g/kg feed mixture. Inorganic Se (sodium selenite) was replaced with organic Se in the mineral premix.
Vitamin E at a level of 200 mg/kg feed was added to the vitamin premix (contained 50 mg α-TA/kg) and thus, diets with vitamin E contained a total of 250 mg α-TA/kg. All premixes used in the study were prepared by a commercial company (Eryaş Ltd., İzmir-Turkey). Thus, the experimental diets included (1) a control being the commercial basal diet containing 0.15 mg/kg inorganic Se as sodium selenite and 50 mg/kg α-tocopheryl acetate (α-TA); (2) VE200: The control diet supplemented with 200 mg α-TA/kg feed; (3) OrgSe0.15: The control with inorganic Se replaced with 0.15 Table 2 . All experimental feeds contained fish oil (15 g/kg) to increase the n-3 PUFAs content. The fatty acid composition of fish oil, and the basal feeds used in the study are given in Table 3 .
Body weight (BW) of broilers in each pen was measured individually on a weekly basis. Chicks were weighed to ± 0.1 g at hatch and to 1 g thereafter. At the same time feed intake (FI) was recorded to the nearest g and feed conversion ratio (FCR) was calculated on a pen basis (kg feed/kg gain). Mortality was recorded daily. At 42 days, six birds (three males and three females per treatment) were randomly selected from each treatment group. Blood samples obtained from the brachial veins were collected into tubes containing anticoagulant for assays of SOD and GSHPx. After obtaining blood samples, the birds were humanely killed by cervical dislocation for organ sampling. Organs (intestinal, gizzard, proventriculus, liver, heart and spleen) were dissected and weighed to the nearest 0.1 g. Organ weights were presented as relative to body weight (g/100 g BW). Liver samples were washed with phosphate buffer, pH 7.4, and immediately placed in plastic bags in dry ice and stored at -80 o C for assay of SOD. At the end of the trial six birds (three males and three females per treatment) were randomly selected from each treatment group and slaughtered to determine carcass characteristics. All birds were fasted for 12 h prior to slaughter, then weighed. Thereafter, birds were subjected to standard commercial evisceration procedures. Carcass yield (without feathers, head, feet and digestive organs) was expressed as a percentage of the live body weight just before slaughter, and carcass components (breast and thigh) were expressed as relative to body weight (g/100 g BW).
Standard proximate analysis techniques were used to determine nutrient concentrations, while starch, sugar, total calcium and phosphorus were also analyzed using the VDLUFA methods (Naumann & Bassler, 1993) . Lipids in the samples were extracted according to the method of Bligh & Dyer (1959) . Fatty acid methyl esters of feed were determined on extracted lipids according to the method modified by Tokuşoğlu & Ünal (2003) . Lipids extracted from feed samples were refluxed using 0.05N NaOH with methanol and then derivatised with boron trifluoride (BF 3 ) -methanol complex. This solution was then fractionated with saturated NaCl; the methyl ester (ME) phase was separated, and anhydrous sodium sulphate (Na 2 SO 4 ) added to the final solution. Final extract was degassed for up to 2 min to eliminate oxygen. Fatty acid profiles were determined by gas chromatography [Equipment: Perkin Elmer (auto system), column: SGE ( Vitamin E concentrations in the experimental diets were determined according to the modified method of Qureshi et al. (2000) . High performance liquid chromatographic (HPLC) conditions were performed for the α-tocopherol analysis. The HPLC system (Shimadzu) was equipped with an autosampler (SIL-10AD vp), system controller (SCL-10 Avp), pump (LC-10 ADvp), degasser (DGU-14A) and column oven (CTO-10 Avp), and the column temperature was 40 o C. A fluorescence detector was used with wavelengths set at 295 nm for extinction and 330 nm for emission. Tocopherols were separated on a normal phase column (Luna, 150 x 4.6 mm i.d., 5 μm particle size) with mobile phase flow rate 1.2 mL /min. The mobile phase was a mixture of heptanes: THF (95:5) (v/v). The diets were analyzed for Se by the methods of AOAC (2005) using an atomic absorption spectrophotometer. Before analysis, all feed samples were wet digested using a mixed solution of concentrated perchloric and nitric acids. Lipid peroxidation in liver was estimated based on TBARS. Samples were evaluated for malondialdehyde (MDA) production using a spectrophotometric assay for TBA (Draper & Hadley, 1990) . The extinction coefficient of 153/mM/cm at 532 nm for the chromophore was used to calculate the MDA-like TBA. The total protein content was determined by the method of Bradford (1976) using bovine serum albumin (BSA) as standard.
The activity of SOD in whole blood and tissues was determined by spectrophotometry with the use of a Ransod kit (Randox Laboratories Ltd., UK) and the method described by McCord & Fridovich (1969) . The activity of blood GSHPx was determined by spectrometry with the use of Ransol kit (Randox Laboratories Ltd., UK) and the method described by Paglia & Valentine (1967) . Antioxidant enzyme activities in blood were presented as unit per mL. SOD activity in liver was presented as unit per wet tissue.
General Linear Model using the SPSS (11.0)® statistic package (SPSS, 2001 ) was applied to data with a model including treatment and sex effects and interactions between them. When the effect was significant, the differences between treatment group means were separated by Duncan's multiple range tests. Results are presented as least square means and standard error of means. Statements of statistical significance are based on P <0.05. 
Results and Discussion
Dietary analysis showed that the Se content of the control diet (supplemented with 0.15 mg inorganic Se/kg), OrgSe0.15 (0.15 mg organic Se/kg) and OrgSe0.30 was 0.26, 0.27 and 0.51 mg Se/kg of feed, respectively in starter diets, and 0.24, 0.22 and 0.45 mg Se/kg of feed, respectively in grower diets ( Table 2) .
The average BW of chicks at hatching was 42.7 ± 0.13 g and did not differ statistically among treatment groups (data not shown). In the present study, the antioxidant supplementation to diets enriched with n-3 PUFAs improved (P <0.05) BW and BWG of the broilers at 21, 28, 35 and 42 d. However, FI, FCR and mortality were not affected by antioxidant supplementation (Tables 4 and 5 ).
The highest level of organic Se (0.30 mg/kg) resulted in increases (P <0.05) in the BW of the birds from 21 to 35 d, while the lower level (0.15 mg/kg) produced heavier birds only at 35 d. A significant improvement (P <0.05) in BWG was evident only during the early period of growth (0 -21 d), and only on the higher concentration of Se. Organic Se supplementation did not affect FCR or FI.
Growth performance was the same on both Se sources (inorganic as selenite and organic as Seenriched yeast) at the level of 0.15 mg/kg, suggesting that organic Se used at that concentration is no more bioavailable than inorganic Se used at the same level. However, when organic Se at 0.15 mg/kg was combined with vitamin E (VE200+OrgSe0.15), a significantly higher (P <0.05) BW at 28 and 35 d was noted compared with the control, whereas no significant improvement was observed relative to the feeds supplemented with organic Se or vitamin E alone. No significant improvement resulted from the supplementation of vitamin E and Se at 0.30 mg/kg compared with the other treatments.
Although Se levels in feeds used in the present study exceeded the NRC (1994) recommendation of 0.15 mg for broilers, the lower levels used (measured to be 0.26 -0.27 mg/kg feed) were not sufficient to allow broiler chicks to attain the BWG of those fed OrgSe at 0.30 mg/kg feed, and this was irrespective of the source of supplementation.
Edens (2001) and Surai (2006) noted that the improved growth rate of broilers fed an organic Se supplemented diet could be related to the increased concentrations of the active form of thyroid hormone in the serum of chickens supplemented with organic Se as well as to the immunomodulating properties of Se.
Many of the studies related to organic Se were conducted under normal (Choct et al., 2004; Payne & Southern, 2005) or oxidative stress (Mahmoud & Edens, 2005; Özkan et al., 2007) conditions. Mahmoud & Edens (2005) evaluated the effect of organic Se on performance and different physiological parameters of broilers either in pathogenic Escherichia coli-challenged or under heat-stressed conditions. They found that feeds supplemented with 0.20 mg organic Se/kg feed, improved BW, FCR and mortality at 42 days of age. Özkan et al. (2007) found that birds fed diets supplemented with organic Se at 0.30 mg/kg feed and raised in cold conditions tended to be heavier and have higher daily BWG than birds fed diets supplemented with inorganic Se. However, they found that FCR was not affected by treatment during the trial. Surai (2006) suggested that the growth response of birds to Se supplementation would also depend on the birds' stress level, with stressed birds being more responsive. Some reports (Choct et al., 2004; Payne & Southern, 2005) indicated that dietary supplementation of Se (organic or inorganic) did not affect BW or BWG of broilers reared at optimum (no oxidative stress) conditions. In contrast, organic Se supplementation increased BW of broilers at 42 days of age (Edens, 2001 ) and improved feed conversion (Naylor et al., 2000) in broilers reared under normal commercial conditions. In the present study, birds fed VE200 (supplemented with vitamin E only) had higher (P <0.05) BWG than birds fed the control diet after 21 d (22 -42 and 0 -42 d, Table 4 ). However, FI and FCR were unaffected by this supplementation (Table 5) .
There is considerable inconsistency in the literature pertaining to this subject: In our previous study (Basmacıoğlu et al., 2004) , vitamin E supplementation to diets enriched with n-3 PUFAs significantly increased BWG from 22 -42 d, but did not affect FI, FCR or mortality. In contrast, it was noted that less food was consumed by hamsters fed fish oil-containing diets supplemented with vitamin E than unsupplemented diets, while BWG was not affected by vitamin E supplementation (Poirier et al., 2002) . In a study conducted with layer hens, it was found that vitamin E supplementation at different levels to diets enriched with PUFAs did not affect performance (Meluzzi et al., 2000; Sijben et al., 2002) and in contrast to these studies, Scheideler & Froning (1996) noted that vitamin E supplementation (50 IU/kg) to a diet enriched with n-3 PUFAs significantly improved egg production in layer hens. While some reports (Coetzee Guo et al., 2001; Özkan et al., 2007) describe a lack of response in performance to supplementation with vitamin E under normal conditions, others have shown improvements in performance. For example, Kennedy et al. (1991) reported that FCR was improved by 0.8% and the average weight per bird was increased by 1.4% compared with those receiving normal diets. Chung & Boren (1999) , who evaluated the benefits of vitamin E supplementation in broiler diets, observed that 240 mg vitamin E/kg improved FCR by 2.3% compared to the control group (33 mg VE/kg), and Swain et al. (2000) showed that vitamin E supplementation at levels of 150 and 300 IU/kg resulted in significant increases in BWG and FCR compared with the control diet (no VE supplementation) at 42 d under normal conditions. Established NRC requirements (NRC, 1994) may be optimal for growth but not necessarily for best health, disease resistance and oxidative stress conditions. It is of particular interest to further examine the role that vitamin E plays on the immune system when poultry are under oxidative stress. Mcllroy et al. (1993) concluded that dietary supplementation with vitamin E at levels exceeding nutritional requirements improved the birds' antioxidant defence system and decreased oxidative stress. Even the positive effects of vitamin E or organic Se on weight gain disappeared when used in combination in the study. These results agree with those of Özkan et al. (2007) , who reported that vitamin E supplementation at 200 mg/kg with organic or inorganic Se at 0.30 mg/kg had no significant positive effect on BWG or FCR. These reports are in contrast with those of Stanley et al. (1998) who noted that 0.1 mg/kg of organic Se with 500 mg/kg vitamin E supplementation decreased mortality and incidence of pulmonary hypertension syndrome in birds reared under cold stress and fed aflatoxin-contaminated feeds. Roch et al. (2000) also noted that the combination of 0.3 mg organic Se/kg with 250 mg vitamin E/kg improved FCR cold-stressed broilers.
In the present study, vitamin E or organic Se supplementation to diets enriched with n-3 PUFAs did not affect the carcass characteristics or some organ weights (except for spleen weights) in broilers (Table 6 ). Relative spleen weight of birds fed VE200 was significantly higher than that of birds fed the other treatment diets (0.15 -0.17 in the other treatments group vs. 0.21 g/100 BW in the VE200 treatment group).
Few studies have investigated the effects of dietary antioxidant supplementation on cut-up yields of broilers under stress conditions. In the studies related to Se supplementation, it is noted that form of dietary supplementation also appears to affect cut-up yields of broilers. For example, Naylor et al. (2000) noted that organic Se supplementation improved eviscerated weight and breast yield of broilers. In another study (Edens, 2001) , percentage of carcass weight increased when organic Se was added to the diet. However, pectoralis major yield decreased as a result of organic Se supplementation in the same study. Surai (2002a) noted that the effect of Se on meat yield could be due to changes in thyroid hormone metabolism or a result of changes in broiler feathering. However, in this study, the supplementation of organic Se to n-3 PUFAenriched diets did not affect meat yield (Table 6 ).
In the present study, relative spleen weight significantly increased in broilers fed VE200 which may indicate an improvement in the immune system. A similar result was reported by Konjufca et al. (2004) . They found that vitamin E supplementation as Dl-α-tocopherol did not increase relative organ weight, except for the spleen. They concluded that the increase in spleen weight with supplemental vitamin E was likely to represent an increase in the number of lymphocytes.
The vitamin E and organic Se supplementation to diets enriched with n-3 PUFAs did not significantly prevent lipid peroxidation in liver or increase antioxidant enzyme activities (SOD and GSHPx) in liver and blood (Table 7) .
In general, studies have been conducted to determine the effects of supplemental antioxidants to PUFA-enriched diets with fish oil on oxidative stress in rats or mice, but few studies conducted with broilers have been reported in the literature. In addition, the results from studies are inconsistent. İbrahim et al. (1997) noted that these inconsistencies may be due to differences in the species of experimental animals used (rats vs. mice), or to dietary composition or duration of the experiment. Polavarapu et al. (1998) noted that species difference and supplemental level of fish oil may be important in this regard. Moreover, Poirier et al. (2002) reported that tissue and species-specific responses of antioxidant enzymatic defences and lipid peroxidation can occur with antioxidant supplementation.
Oxidative stress may not have been induced in this study by the addition of fish oil at a level of 1.5%. Therefore, the positive effect of antioxidants might not have been seen in these broilers. We conclude that the effect of antioxidants would depend on the birds' stress level. In a study conducted with broilers, Eid et al. (2006) reported that the decline in GSHPx activity at high levels (>2.5%) of fish oil could be explained by the presence of high levels of free radicals which induced oxidative stress in the body due to high levels of n-3 PUFAs. İbrahim et al. (1997) who measured the effect of dietary lipid (8% fish and lard oils), vitamin E and iron on hepatic antioxidant status in mice, reported that vitamin E supplementation to diets with fish oil did not significantly alter hepatic SOD and GSHPx. However, Miret et al. (2003) reported that SOD and GSHPx activities were lower in erythrocytes of rats fed fish oil at a level of 5%, and that vitamin E supplementation to diets containing 5% fish oil increased these antioxidant enzyme activities in erythrocyte membranes, but that each enzyme responded in a specific manner. No studies have reported the effect of organic Se supplementation to n-3 PUFA-enriched diets as oxidative stress factor in broilers. Thus, the results obtained from this study could be compared with results of studies conducted under environmental stress. Mahmoud & Edens (2005) , who replaced inorganic Se with 0.2 mg/kg of organic Se in the diet of growing chicks, reported that organic selenium supplementation was associated with significantly increased plasma GSHPx activity in chickens reared under environmental oxidative stress. However, in the present study no additional benefit over that attainable from feeding either vitamin E or organic Se alone was obtained from feeding the organic Se supplement in combination with the vitamin E supplement on the antioxidant enzymes. Özkan et al. (2007) had noted previously that 200 mg/kg vitamin E supplementation with organic Se at level of 0.30 mg/kg did not cause any positive effect on liver GSHPx activity in coldstressed broilers. However, Roch et al. (2000) found that diets supplemented with 0.3 mg/kg of organic Se plus 250 mg/kg vitamin E increased plasma GSHPx levels and decreased ascites mortality in cold-stressed broilers.
Conclusions
Supplementation of vitamin E at 200 g/kg or organic Se at level of 0.30 mg/kg to broiler diets enriched with n-3 PUFAs significantly increased BWG, but did not affect FI, FCR, mortality, carcass characteristics or organ weights, with an exception of spleen weight. The positive effect of organic Se on growth performance may be attributed to its ability to increase the active form of thyroid hormone and to its immunomodulating properties. Vitamin E supplementation significantly increased relative spleen weight, which indicated a benefit for the immune system. Although organic Se and vitamin E improved growth in broilers in this trial, their antioxidative effects were not evident in diets enriched in n-3 PUFAs using 1.5% fish oil. We conclude that 1.5% fish oil may not cause significant oxidative stress in living organism.
In further studies the effects of organic Se and vitamin E on metabolic hormones and immunity should be investigated, and higher levels of fish oil or PUFAs should be considered when measuring the effects of antioxidant supplementation to diets enriched in PUFAs using fish oil. In addition, the effect on the oxidative stability of meat from broilers fed n-3 PUFA-enriched feed, supplemented with vitamin E or organic Se, alone or in combination, could be investigated.
